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NOVEL NUCLEIC ACIDS A MD POLYPEPTIDES 

This International Application claims priority of U.S. Provisional Application 
No. 60/124,118, filed March 12, 1999. All publications and patent applications 
5 cited in this specification are hereby incorporated by reference as if each 

individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. 

INTRODUCTION 

10 

Field of the IrLven.ti.on 

The field of this invention is polypeptides which regulate cell function and, in 
particular, antagonize bone morphogenic proteins and which are involved in the 
15 development and maintenance of the vascular system. 

Background 

Natural regulators of cellular growth, differentiation and function have 
20 provided important pharmaceuticals, clinical and laboratory tools, and targets for 
therapeutic intervention. A variety of such regulators have been shown to have 
profound effects on basic cellular differentiation and developmental pathways. 
For example, the recently cloned cerberus protein induces the formation of head 
structures in anterior endoderm of vertebrate embryos. Similarly, the noggin 
25 protein induces head structures in vertebrate embryos, and can redirect 

mesodermal fates from ventral fates, such as blood and mesenchyme, to dorsal 
fates such as muscle and notochord and can redirect epidermal fates to anterior 
neural fates. The activities of chordin are similar to those of noggin, reflecting a 
common mechanism of action - namely antagonizing bone morphogenic 
30 proteins (BMPs) and thereby preventing their function. BMPs have diverse 
biological activities in different biological contexts, including the induction of 
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cartilage, bone and connective tissue, and roles in kidney, tooth, gut, skin and 
hair development. 

Different members of the TGF0 superfamily can instruct cells to follow different 
5 fates, for example TGF(3 induces neural crest to form smooth muscle, while 
BMP2 induces the same cells to become neurons. In Xenopus experiments, 
dissociated animal cap cells (prospective ectoderm) become epidermis in 
response to BMP4 but become mesoderm in response to activin. 

10 Since the sequence identity between activin and BMP4 is low, it is not surprising 
that they induce different fates. It is more surprising that members of the BMP 
subfamily, which are quite closely related in sequence, can induce distinct fates. 
A striking example results from implantation of a matrix impregnated with a 
BMP into muscle; when the effects are monitored histologically, BMP2, 4 and 7 

15 induce endochondral bone formation, whereas a related molecule BMP12/GDF7 
induces connective tissue similar to tendon. Similarly, BMP4 can induce cell 
death in the hindbrain neural crest, while the related protein dorsalin does not. 

Since different BMP family members can induce different fates, then BMP 
20 antagonists that have specificity in blocking subsets of BMPs could change the 
balance of BMPs that are presented to a cell, thus altering cell fate. In view of the 
importance of relative BMP expression in human health and disease, regulators 
of cellular function and BMP function in particular, such as noggin and cerberus, 
provide valuable reagents with a host of clinical and biotechnological 
25 applications. 

The ability of ligands to bind cells and thereby elicit a phenotypic response such 
as development, differentiation, growth, proliferation, survival and regeneration 
in such cells is often mediated through transmembrane receptors. The 
30 extracellular portion of each receptor is generally the most distinctive portion of 
the molecule, as it provides the protein with its ligand-recognizing characteristic. 

2 
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In the case of receptor tyrosine kinases (RTKs), binding of a ligand to the 
extracellular domain results in signal transduction via an intracellular tyrosine 
kinase catalytic domain which transmits a biological signal to intracellular target 
proteins. For example, a gene encoding an endothelial cell transmembrane 
5 tyrosine kinase, originally identified by RT-PCR as an unknown tyrosine kinase- 
homologous cDNA fragment from human leukemia cells, was described by 
Partanen, et al., Proc. Natl. Acad. Sci. USA, 87: 8913-8917 (1990). This gene and its 
encoded protein are called "tie" which is an abbreviation for "tyrosine kinase 
with Ig and EGF homology domains." Partanen, et al. Mol. Cell. Biol. 12: 1698- 
10 1707(1992). 

It has been reported that tie mRNA is present in all human fetal and mouse 
embryonic tissues. Upon inspection, tie message has been localized to the cardiac 
and vascular endothelial cells, tie mRNA has been localized to the endothelia of 

15 blood vessels and endocardium of 9.5 to 18.5 day old mouse embryos. Enhanced 
tie expression was shown during neovascularization associated with developing 
ovarian follicles and granulation tissue in skin wounds. Korhonen, et al. Blood 
80: 2548-2555 (1992). Thus tie has been suggested to play a role in angiogenesis, 
which is important for developing treatments for solid tumors and several other 

20 angiogenesis-dependent diseases such as diabetic retinopathy, psoriasis, 
atherosclerosis and arthritis. 

Two structurally related rat TIE receptor proteins have been reported to be 
encoded by distinct genes with related profiles of expression. One gene, termed 

25 iie-1, is the rat homolog of human he. Maisonpierre, et al., Oncogene 8: 1631- 
1637 (1993). The other gene, tie-2, may be the rat homolog of the murine tek 
gene, which, like He, has been reported to be expressed in the mouse exclusively 
in endothelial cells and their presumptive progenitors. Dumont, et al. Oncogene 
8: 1293-1301 (1993). Both genes were found to be widely expressed in endothelial 

30 cells of embryonic and postnatal tissues. Significant levels of he-2 transcripts 
were also present in other embryonic cell populations, including lens 
epithelium, heart epicardium and regions of mesenchyme. Maisonpierre, et al., 
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Oncogene 8: 1631-1637 (1993). The predominant expression of the TIE receptor in 
vascular endothelia suggests that TIE plays a role in the development and 
maintenance of the vascular system. This could include roles in endothelial cell 
determination, proliferation, differentiation and cell migration and patterning 
into vascular elements. In the mature vascular system, TIE could function in 
endothelial cell survival, maintenance and response to pathogenic influences. 

An angiogenic factor, which was originally called TIE-2 ligand-1 (TL1) but is also 
referred to as angiopoietin-1 (Angl), has been identified that signals through the 
TIE-2 receptor and is essential for normal vascular development in the mouse. 
By homology screening, an Angl relative has been identified and called TIE-2 
ligand-2 (TL2) or angiopoietin-2 (Ang2). Ang2 is a naturally occurring antagonist 
for Angl and the TIE2 receptor. For a description of the cloning and sequencing 
of TL1 (Angl) and TL2 (Ang2) as well as for methods of making and uses thereof, 
reference is hereby made to PCT International Publication No. WO 96/11269 
published 18 April 1996 and PCT International Publication No. WO 96/31598 
published 10 October 1996 both in the name of Regeneron Pharmaceuticals, Inc.; 
and S. Davis, et al., Cell 87: 1161-1169 (1996) each of which is hereby incorporated 
by reference. 

The present invention relates to a novel regulator of cellular functions such as 
antagonizing bone morphogenic proteins and playing a role in the development 
and maintenance of the vascular system. This novel regulator shares homology 
with the DAN/cerberus family and is expressed in vascular tissues. 

Relevant Literature 

Bouwmeester, et al. (1996) Nature 382: 595-601 describe the cloning of Xenopus 
cerberus gene; Lamb, T. M., et al. (1993) Science 262: 713-718; Smith, W. C, et al. 
(1992) Cell 70: 829-840; Smith, W. C, et al. (1993) Nature 361: 547-549; and 
Zimmerman, L. B., et al. (1996) Cell 86: 599-606 describe the isolation and function 
of the noggin protein. Piccolo, S., et al. (1996) Cell 86: 589-598; Sasai, Y., et al. 
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(1995) Nature 376: 333-336; and Sasai, Y., et al. (1994) Cell 79: 779-790 relate to the 
chordin protein. Enomoto et al. (1994) Oncogene 9: 27S5-2791 and Ozaki, et al. 

(1996) Jpn. J. Cancer Res. 87: 58-61 describe human and murine homologs of the 
DAN gene. 



SUMMARY OF THF TNVENTTOM 



The invention provides methods and compositions relating to DAN/£erberus - 
Related protein 6 (DCR6) polypeptides and related nucleic acids. Included are 
natural DCR6 homologs from different species, as well as polypeptides 
comprising a DCR6 domain and having DCR6-specific activity. The polypeptides 
may be produced recombmantiy from transformed host ceils with the subject 
nucleic acids. The invention provides isolated hybridization probes and primers 
capable of specifically hybridizing with the disclosed genes, specific binding agents 
such as specific antibodies, and methods of making and using the subject 
compositions in diagnosis (e.g., genetic hybridization screens for DCR6 
transcripts), therapy (e.g., gene therapy to modulate DCR6 gene expression) and 
in the biopharmaceutical industry (e.g., reagents for screening chemical libraries 
for lead pharmacological agents). 



Preferred applications of the subject DCR6 polypeptides include modifying the 
physiology of a cell comprising an extracellular surface by contacting the cell or 
medium surrounding the cell with an exogenous DCR6 polypeptide under 
conditions whereby the added polypeptide specifically interacts with a 
component of the medium and /or the extracellular surface to effect a change in 
the physiology of the cell. Also preferred are methods for screening for 
biologically active agents, which methods involve incubating a DCR6 
polypeptide in the presence of an extracellular DCR6 polypeptide-specific binding 
target and a candidate agent, under conditions whereby, but for the presence of 
the agent, the polypeptide specifically binds the binding target at a reference 
affinity; detecting the binding affinity of the polypeptide to the binding target to 
determine an agent-biased affinity, wherein a difference between the agent-biased 
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affinity and the reference affinity indicates that the agent modulates the binding 
of the polypeptide to the binding target. 

BRIEF DESCRIPTI ON OF TFTF FIGURES 

Figure 1A-1F. The genomic DNA sequence of vts_hDCR6. The predicted 
boundaries of exons 1, 2, 3, and 4 are indicated underneath the sequence. 

Figure 2A-2B. The nucleic acid and deduced amino acid sequence of vts_hDCR6 
that was created by PCR-amplifying the individual exons from human genomic 
DNA and splicing them together. Silent mutations introduced to facilitate 

— t> y^^j/uuc cAj^caauju are maicarea in Doid above the nucleic acid 

sequence and splice-junction sites between adjacent exons are underlined. 

15 Figure 3A-3B. The nucleic acid and deduced amino acid sequence of hDCR6 that 
was cloned from a human kidney cDNA library having exons 1 and 4. 

DETAILED DE SCRIPTION QFTHF TMVENTTON 

20 Definitions 

An "oligonucleotide" or "oligonucleotide primer" or "primer" is a stretch of 
nucleotide residues which has a sufficient number of bases to be used in, for 
example, a polymerase chain reaction (PCR) or in DNA sequencing 
methodologies. These short sequences are based on (or designed from) genomic 
or cDNA sequences or back translated from protein sequences and are used to 
amplify, confirm, or reveal the presence of an identical, similar or 
complementary DNA or RNA in a particular cell or tissue or to initiate 
sequencing reactions. Oligonucleotides or oligomers comprise portions of a 
DNA sequence having at least about 10 nucleotides and as many as about 50 
nucleotides, preferably about 15 to 30 nucleotides. They are chemically 
synthesized and may be used as probes. 



25 



30 
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"Probes" are nucleic acid sequences of variable length, preferably between at least 
about 10 and as many as about 6,000 nucleotides, depending on use. They are 
used in the detection of identical, similar, or complementary nucleic acid 
5 sequences. Longer length probes are usually obtained from a natural or 
recombinant source, are highly specific and much slower to hybridize than 
oligonucleotides. They may be single- or double-stranded and carefully designed 
to have specificity in PCR, hybridization membrane-based, or ELISA-like 
technologies. 

10 

A "portion" or "fragment" of a polynucleotide or nucleic acid or polypeptide 

COmD.riSPS all or anw narf of f.V»o ~ ^ 1 , ™ 1 j _ . i ... 

, — j WJ tllt FU1Jf41uucuuue ur a polypeptide sequence having 

fewer nucleotides or amino acids than the complete polynucleotide or nucleic 
acid or polypeptide. 

15 

A "signal sequence" is a short amino acid sequence which can be used, when 
desired, to direct the polypeptide through a membrane of a cell. Such a sequence 
may be naturally present on the polypeptides of the present invention or 
provided from heterologous sources by recombinant DNA techniques. 

20 

"Animal" as used herein may be defined to include human, domestic (i.e., cats, 
dogs), agricultural (i.e., cows, horses, sheep, goats, chicken, fish) or test species 
(i.e., frogs, mice, rats, rabbits, simians). 

25 Since the list of technical and scientific terms cannot be all encompassing, any 
undefined terms shall be construed to have the same meaning as is commonly 
understood by one of skill in the art to which this invention belongs. 
Furthermore, the singular forms "a", "an" and "the" include plural referents 
unless the context clearly dictates otherwise. For example, reference to a 
"restriction enzyme" or a "high fidelity enzyme" may include mixtures of such 
enzymes and any other enzymes fitting the stated criteria, or reference to the 
method includes reference to one or more methods for obtaining cDNA 



30 
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sequences which will be known to those skilled in the art or will become known 
to them upon reading this specification. 

Before the present sequences, variants, formulations and methods for making 
and using the invention are described, it is to be understood that the invention is 
not to be limited only to the particular sequences, variants, formulations or 
methods described. The sequences, variants, formulations and methodologies 
may vary, and the terminology used herein is for the purpose of describing 
particular embodiments. The terminology and definitions are not intended to be 
limiting since the scope of protection will ultimately depend upon the claims. 

The invention nmviHoc nrct — t . j i. r i . 

r „ ~w*vw ^ui^^c^uucs wmcn mciuae natural DCR6 

polypeptides and recombinant polypeptides comprising a DCR6 amino acid 
sequence, or a functional DCR6 polypeptide domain thereof having an assay- 
discernable DCR6-specific activity. Accordingly, the polypeptides may be deletion 
mutants of the disclosed natural DCR6 polypeptides and may be provided as 
fusion products, e.g., with non-DCR6 polypeptides. The subject DCR6 
polypeptide domains have DCR6-specific activity or function and are 
functionally distinct from each other and from DAN/Cerberus family and 
noggin homologs. Such domains include at least 6 and preferably at least 8 
consecutive amino acid residues of a natural DCR6 polypeptide (see human 
DCR6 sequence disclosed herein). Preferred DCR6 polypeptides comprise a DCR6 
sequence conserved across species. 

Note that contrary to prior art teachings which state that DAN is an intracellular 
zinc finger protein, applicants disclose that the natural DAN protein is 
extracellularly active as an antagonist of certain morphogenic proteins such as 
BMPs. In addition, the DCR5 sequence, set forth m co-pending US Provisional 
Application No. 60/097,296, filed August 20, 1998, is also extracellularly active as 
an antagonist of certain morphogenic proteins such as BMPs. Because DCR-6 is 
structurally similar to DAN and DCR5, applicants predict that DCR6 will exhibit 
biological activities similar to these two related proteins. DCR6-specific activity 



8 
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or function may be determined by convenient in vitro, cell-based, or in vivo 
assays - e.g., in vitro binding assays, cell culture assays, in animals (e.g., immune 
response, gene therapy, transgenics). Binding assays encompass any assay where 
the specific molecular interaction of a DCR6 polypeptide with a binding target is 
5 evaluated. The binding target may be a natural binding target, a chaperon, or 
other regulator that directly modulates DCR6 activity or its localization; or non- 
natural binding target such as a specific immune protein such as an antibody, or a 
DCR6-specific agent such as those identified in assays described below. Generally, 
binding specificity is assayed by bioassay (e.g., the ability to induce neuronal tissue 
10 from injected embryonic ectoderm), target protein binding equilibrium constants 
(usually at least about 107 M"», preferably at least about 108 M _l , more preferably at 
least about 10* M-<), by the ability of the subject polypeptide to function as 
negative mutants in DCR6-expressing cells, by the ability to elicit DCR6-specific 
antibody production in a heterologous host (e.g., a rodent or rabbit). 

15 

The claimed polypeptides may be isolated or pure - an "isolated" polypeptide is 
one that is no longer accompanied by some of the material with which it is 
associated in its natural state, and that preferably constitutes at least about 0.5%, 
and more preferably at least about 5% by weight of the total protein in a given 
20 sample; a "pure" polypeptide constitutes at least about 90%, and preferably at least 
about 99% by weight of the total protein in a given sample. The subject 
polypeptides and polypeptide domains may be synthesized, produced by 
recombinant technology, or purified from cells. A wide variety of molecular and 
biochemical methods are available for biochemical synthesis, molecular 
25 expression and purification of the subject compositions (see e.g., Molecular 

Cloning, A Laboratory Manual (Sambrook, et al., Cold Spring Harbor Laboratory), 
Current Protocols in Molecular Biology (Eds. Ausubel, et al., Greene Publ. Assoc., 
Wiley-Interscience, NY). 

30 The subject polypeptides find a wide variety of uses including use as 

immunogens, targets in screening assays, bioactive reagents for modulating cell 
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growth, differentiation and /or function. For example, the invention provides 
methods for modifying the physiology of a cell comprising an extracellular 
surface by contacting the cell or medium surrounding the cell with an exogenous 
DCR6 polypeptide under conditions whereby the added polypeptide specifically 
5 interacts with a component of the medium and/or the extracellular surface to 
effect a change in the physiology of the cell. According to these methods, the 
extracellular surface includes plasma membrane-associated receptors; the 
exogenous DCR6 refers to a polypeptide not made by the cell or, if so, expressed at 
non-natural levels, times or physiologic locales; and suitable media include in 
vitro culture media and physiological fluids such as blood, synovial fluid or 
lymph. Effective administrations of subject polypeptides may be useful in 
reducing undesirable (e.g., ectopic) bone formation, inhibit the growth of cells 
that require a morphogenic protein (e.g., BMP-dependent neuroblastomas and 
gliomas), alter morphogen-dependent cell fate/differentiation in culture, such as 
with cells for transplantation or infusion. The polypeptides may be may be 
introduced, expressed, or repressed in specific populations of cells by any 
convenient way such as microinjection, promoter-specific expression of 
recombinant enzyme, or targeted delivery of lipid vesicles. 

The invention provides natural and non-natural DCR6-specific binding agents, 
methods of identifying and making such agents, and their use in diagnosis, 
therapy and pharmaceutical development. DCR6-specific binding agents may 
include hgands such as BMPs, and receptors, such as somatically recombined 
protein receptors like specific antibodies or T-cell antigen receptors (See, e.g., 
Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory) and may also include other natural binding agents identified with 
assays such as one-, two- and three-hybrid screens, and non-natural binding 
agents identified in screens of chemical libraries such as described below. Agents 
of particular interest modulate DCR6 function. 

The invention provides DCR6 nucleic acids, which find a wide variety of 
applications including use as translatable transcripts, hybridization probes, PCR 

1 0 
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primers, diagnostic nucleic acids, as well as use in detecting the presence of DCR6 
genes and gene transcripts and in detecting or amplifying nucleic acids encoding 
additional DCR6 homologs and structural analogs. 

5 The subject nucleic acids are of synthetic /non-natural sequences and/or are 
isolated, i.e., no longer accompanied by some of the material with which it is 
associated in its natural state, preferably constituting at least about 0.5%, more 
preferably at least about 5% by weight of total nucleic acid present in a given 
fraction, and usually recombinant, meaning they comprise a non-natural 
sequence or a natural sequence joined to nucleotide(s) other than that which it is 
joined to on a natural chromosome. Nucleic acids comprising the nucleotide 

— ux xugurt; or fragments thereof, contain such 

sequences or fragments at a terminus, immediately flanked by a sequence other 
than that to which it is joined on a natural chromosome, or flanked by a native 
flanking region fewer than 10 kb, preferably fewer than 2 kb, which is 
immediately flanked by a sequence other than that to which it is joined on a 
natural chromosome. While the nucleic acids are usually RNA or DNA, it is 
often advantageous to use nucleic acids comprising other bases or nucleotide 
analogs to provide modified stability. 

DCR6-encoding nucleic acids may be part of expression vectors and may be 
incorporated into recombinant host cells, e.g., for expression and screening, for 
transgenic animals, for functional studies such as the efficacy of candidate drugs 
for diseases associated with DCR6-mediated signal transduction. Expression 
systems are selected and/or tailored to effect DCR6 polypeptide structural and 
functional variants through alternative post-translational processing. 

The invention also provides for nucleic acid hybridization probes and 
replication/amplification primers having a DCR6 cDNA specific sequence and 
sufficient to effect specific hybridization with the sequences set forth in Figures 
1A-1F, 2A-2B, or 3A-3B. Demonstrating specific hybridization generally requires 
stringent conditions, for example, hybridizing in a buffer comprising 30% 
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formam.de in 5 x SSPE (0.18 M NaCl, 0.01 M NaP0 4 , pH7.7, 0.001 M EDTA) buffer 
at a temperature of 42°C and remaining bound when subject to washing at 42°C 
with 0.2 x SSPE; preferably hybridizing in a buffer comprising 50% formamide m 
5 x SSPE buffer at a temperature of 42°C and remaining bound when subject to 
5 washing at 42°C with 0.2x SSPE buffer at 42°C. DCR6 cDNA homologs can also be 
languished from other cDNA-encoding polypeptides using alignment 
algorithms, such as BLASTX (Altschul, et al. (1990) Basic Local Alignment Search 
Tool, J. Mol. Biol. 215: 403-410). 

DCR6 hybridization probes find use in identifying wild-type and mutant alleles 
in clinical and laboratory samples. Mutant alleles are used to generate allele- 

, 0 v ^ w , Hluues ror nign-mroughput clinical diagnoses. 

DCR6 nucleic acids are also used to modulate cellular expression or intracellular 
concentration or availability of active DCR6. DCR6 inhibitory nucleic acids are 
typically antisense - single stranded sequences comprising complements of the 
disclosed natural DCR6 coding sequences. Antisense modulation of the 
expression of a given DCR6 polypeptide may employ antisense nucleic acids 
operably linked to gene regulatory sequences. Cells are transfected with a vector 
comprising a DCR6 sequence with a promoter sequence oriented such that 
transcription of the gene yields an antisense transcript capable of binding to 
endogenous DCR6-encoding mRNA. Transcription of the antisense nucleic acid 
may be constitutive or inducible and the vector may provide for stable 
extrachromosomal maintenance or integration. Alternatively, single-stranded 
antisense nucleic acids that bind to genomic DNA or mRNA encoding a given 
DCR6 polypeptide may be administered to the target cell, in or temporarily 
isolated from a host, at a concentration that results in a substantial reduction in 
expression of the targeted protein. An enhancement in DCR6 expression is 
effected by introducing into the targeted cell type DCR6 nucleic acids which 
increase the functional expression of the corresponding gene products. Such 
nucleic acids may be DCR6 expression vectors, vectors which upregxilate the 
functional expression of an endogenous allele, or replacement vectors for 
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targeted correction of mutant alleles. Techniques for introducing the nucleic 
acids into viable cells are known in the art and include retroviral-based 
transfection or viral coat protein-liposome mediated transfection. 

The invention provides efficient methods of identifying agents, compounds or 
lead compounds for agents active at the level of DCR6 modulatable cellular 
function. Generally, these screening methods involve assaying for compounds 
which modulate DCR6 interaction with a natural DCR6 binding target. A wide 
variety of assays for binding agents are provided including protein-protein 
binding assays, immunoassays or cell based assays. Preferred methods are 
amenable to automated, cost-effective high throughput screening of chemical 

1 i V\T»^»-»,ae» — 1 .-~ ~ -J ,i 

"uiuutj iui icau compounds. 
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Invitro binding assays employ a mixture of components including a DCR6 
polypeptide, which may be part of a fusion product with another peptide or 
polypeptide, e.g., a tag for detection or anchoring. The assay mixtures comprise a 
natural DCR6 binding target. While native binding targets may be used, it is 
frequently preferred to use portions thereof as long as the portion provides 
binding affinity and avidity to the subject DCR6 that is conveniently measurable 
in the assay. The assay mixture also comprises a candidate pharmacological 
agent. Candidate agents encompass numerous chemical classes, though typically 
they are organic compounds, preferably small organic compounds, and are 
obtained from a wide variety of sources including libraries of synthetic or natural 
compounds. A variety of other reagents such as salts, buffers, neutral proteins, 
e.g., albumin, detergents, protease inhibitors, nuclease inhibitors or antimicrobial 
agents, may also be included. The mixture components can be added in any 
order that provides for the requisite binding and incubations may be performed 
at any temperature which facilitates optimal binding. The mixture is incubated 
under conditions whereby, but for the presence of the candidate pharmacological 
agent, the DCR6 specifically binds the cellular binding target, portion or analog 
with a reference binding affinity. Incubation periods are chosen for optimal 
binding but are also minimized to facilitate rapid, high throughput screening. 
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After incubation, the agent-biased binding between the DCR6 and one or more 
binding targets is detected by any convenient way. For cell-free binding type 
assays, a separation step is often used to separate bound from unbound 
3 components. Separation may be effected by, for example, precipitation or 
immobilization, followed by washing by, e.g., membrane filtration or gel 
chromatography. For cell-free binding assays, one of the components usually 
comprises or is coupled to a label. The label may provide for direct detection 
such as radioactivity, luminescence, optical or electron density, or indirect 
detection such as an epitope tag or an enzyme. A variety of methods may be used 
to detect the label depending on the nature of the label and other assay 
components, e.g., through optical or electron density, radiative emissions, 
nonradiative energy transfers, or indirectly detected with antibody conjugates. A 
difference in the binding affinity of the DCR6 polypeptide to the target in the 
absence of the agent as compared with the binding affinity in the presence of the 
agent indicates that the agent modulates the binding of the DCR6 polypeptide to 
the corresponding binding target. A difference, as used herein, is statistically 
significant and preferably represents at least a 50%, more preferably at least a 90% 
difference. 

The invention provides for a method for modifying the physiology of a cell 
comprising an extracellular surface in contact with a medium, said method 
comprising the step of contacting said medium with an exogenous DCR6 
polypeptide under conditions whereby said polypeptide specifically interacts with 
at least one of a component of said medium and said extracellular surface to 
effect a change in the physiology of said cell. 

The invention further provides for a method for screening for biologically active 
agents, said method comprising the steps of a) incubating a DCR6 polypeptide in 
the presence of an extracellular DCR6 polypeptide specific binding target and a 
candidate agent, under conditions whereby, but for the presence of said agent, 
said polypeptide specifically binds said binding target at a reference affinity; b)' 
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detecting the binding affinity of said polypeptide to said binding target to 
determine an agent-biased affinity, wherein a difference between the agent-biased 
affinity and the reference affinity indicates that said agent modulates the binding 
of said polypeptide to said binding target. ° 

5 

The invention provides for an isolated nucleic acid molecule encoding human 
DCR6. 

The invention further provides for an isolated nucleic acid molecule having a 
10 sequence selected from the group consisting of (a) the nucleotide sequence 
comprising the coding region of human DCR6 as set forth in Figure 2A-2B; (b) 
the nurlpnHHfi 

^u F u 3 mg me coding region of human DCR6 as set 
forth in Figure 3A-3B; ( c) a nucleotide sequence that hybridizes under stringent 
conditions to the nucleotide sequence of (a) or (b) and which encodes a molecule 
15 having the biological activity of human DCR6; or (d) a nucleotide sequence 

which, but for the degeneracy of the genetic code would hybridize to a nucleotide 
sequence of (a), (b), or ( c) and which encodes a molecule having the biological 
activity of the human DCR6. 

20 The invention provides for a vector or plasmid wherein the DCR6 nucleic acid 
molecule is operatively linked to an expression control sequence capable of 
directing its expression in a host cell. 

The invention further provides for isolated human DCR6 polypeptide 
25 comprising the amino acid sequence as set forth in Figure 2A-2B or Figure 3A-3B, 
or a fragment thereof having DCR6-specific activity. 

The invention provides for a host-vector system for the production of human 
DCR6 wherein the host cell is a bacterial, yeast, insect or mammalian cell 

30 

The invention provides for a method of producing human DCR6 which 
comprises growing cells of a host-vector system under conditions permitting 
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production of the human DCR6, and recovering the human DCR6 



so produced. 



25 



30 



The invention also provides for an antibody which specifically binds the human 
DCR6 polypeptide. The antibody may be a polyclonal antibody or a monoclonal 

:> antibody. 

The invention provides for a pharmaceutical composition comprising human 
DCR6 polypeptide and an acceptable carrier as well as a pharmaceutical 
composition comprising an antibody an acceptable carrier. 

The invention further provide, for human DCR6 polypeptide, an antibody, or a 

composition for 

" ™™ u, uemment or me human or animal body, or 
m a method of diagnosis. 

The invention provides for a ligandbody which comprises human DCR6 fused to 
an immunoglobulin constant region and a ligandbody wherein the 
immunoglobulin constant region is the Fc portion of human IgGl. 

The invention provides for a ligandbody for use m a method of treatment of the 
human or animal body, or in a method of diagnosis. 

Another embodiment of the invention is a recombinant nucleic add encoding 
DCR6 polypeptide comprising the amino acid sequence as set forth in Figure 2A- 
2B or Figure 3A-3B or a fragment thereof having DCR6- specific activity. 

Still another embodiment is an isolated nucleic acid comprising a nucleotide 
sequence as set forth in Figure 2A-2B or Figure 3A-3B or a fragment thereof 
having at least 18 consecutive bases of the sequences set forth in Figure 2A-2B or 
Figure 3A-3B and sufficient to specifically hybridize with a nucleic acid having 
the sequences as set forth in Figure 2A-2B or Figure 3A-3B in the presence of 
natural DCR6 cDNA. 
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The present invention also provides for antibodies to the DCR6 polypeptide 
described herein which are useful for detection of the polypeptide in for 
example, diagnostic applications. For preparation of monoclonal antibodies 
directed toward this DCR6 polypeptide, any technique which provides for the 
production of antibody molecules by continuous cell lines in culture may be 
used. For example, the hybridoma technique originally developed by Kohler and 
Milstein (1975, Nature 2^:495-497), as well as the trioma technique, the human 
B-cell hybridoma technique (Kozbor et al., 1983, Immunology Today 4-T>) and 
the EBV-hybridoma technique to produce human monoclonal antibodies (Cole 
et al., 1985, in "Monoclonal Antibodies and Cancer Therapy," Alan R. Liss Inc 
pp. 77-96) and the like are within the scope of the present invention. 

The monoclonal antibodies for diagnostic or therapeutic use may be human 
-onoclonal antibodies or chimeric human-mouse (or other species) monoclonal 
antibodies. Human monoclonal antibodies may be made by any of numerous 
techniques known in the art fe^ Teng et al., 1983, Proc. Natl. Acad Sci U S A 
80:7308-7312; Kozbor et al., 1983, Immunology Today 4:72-79; Olsson et al 1982 
Meth. Enzymol. 92:3-16). Chimeric antibody molecules may be prepared 
containing a mouse antigen-binding domain with human constant regions 
(Mornson et al., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:6851, Takeda et al 1985 
Nature 314:452). 



25 
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Various procedures known in the art may be used for the production of 
polyclonal antibodies to epitopes of the DCR6 polypeptide described herein For 
the production of antibody, various host animals can be immunized by injection 
with the DCR6 polypeptide, or a fragment or derivative thereof, including but 
not hmited to rabbits, mice and rats. Various adjuvants may be used to increase 
the immunological response, depending on the host species, and including but 
not hmited to Freund's (complete and incomplete), mineral gels such as 
alummum hydroxide, surface active substances such as lysolecithin, pluronic 
polyols, polyanions, polypeptides, oil emulsions, keyhole limpet hemocyanins 
dimtrophenol, and potentially useful human adjuvants such as BCC (Bacille ' 



1 7 



BNSDOCID. <WO__00S5193A2 I > 



WO 00/55193 

Calmette-Guerin) and Corvnebarterinm parvi.m 



PCT/USOO/05537 



10 



15 



25 



A molecular clone of an antibody to a selected DCR6 polypeptide epitope can be 
prepared by known techniques. Recombinant DNA methodology (see e.g., 
Maniatis et al., 1982, Molecular Cloning, A Laboratory Manual, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York) may be used to construct 
nucleic acid sequences which encode a monoclonal antibody molecule, or 
antigen binding region thereof. 



The present invention provides for antibody molecules as well as fragments of 
such antibody molecules. Antibody fragments which contain the idiotype of the 
molecule can be generated by known techniques. For example, such fragments 
include but are not limited to: the F(ab') 2 fragment which can be produced by 
pepsin digestion of the antibody molecule; the Fab' fragments which can be 
generated by reducing the disulfide bridges of the F(ab') 2 fragment, and the Fab 
fragments which can be generated by treating the antibody molecule with papain 
and a reducing agent. Antibody molecules may be purified by known techniques, 
immunoabsorption or immunoaffinity chromatography, chromatographic ' 
methods such as HPLC (high performance liquid chromatography), or a 
20 combination thereof. 

The invention further provides for a method of using a DCR6 polypeptide or 
fragment thereof as an antagonist of the activity of a bone morphogenic protein 
(BMP). 



The following examples are offered by way of illustration and not by way of 
limitation. 
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EXAMPLES 

Example 1: Cloning and Seguenring o f "VWt^V M _ ma - nri?<; 
A. "Virtua l" cloning 

The Human Virtual Transcribed Sequence Database (Kazusa DNA Research 
Institute, http://zearth.kazusa.or.jp/vts/intro.html), is a database that contains 
protein sequences that are predicted to be encoded by human genomic sequences 
The Human Virtual Transcribed Sequence Project aims to provide candidate 
transcribed sequences from the available human genome sequencing data by 
using the gene detection method, GENSCAN (see infra) by Chris Burge 
(cburge@mit.edu). Therefore it is entirely in silica gene cloning. 
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Currently, the database is collecting human genome sequence data from Genbank 
gss, htg, new, pril, pri2, entries and from the Web pages of Lawrence Berkeley 
National Laboratory Human Genome Center, Whitehead Institute/MIT Genome 
Sequencing Project, The Sanger Centre, Washington University Genome 
Sequencing Center, Genome Therapeutics Corporation, japan Science and 
Technology Corporation, and Yale Center for Medical Informatics. 

VTS has been developed by Nobuyuki Miyajima (miyajima@kazusa.or.jp, 
Kazusa DNA Research Institute) and Toshiyuki Saito (t_saito@nirs.go.jp, 
National Institute of Radiological Sciences). 

GENSCAN is a program designed to predict complete gene structures, including 
exons, introns, promoter and polyadenylation signals, in genomic sequences. It 
d!ffers from the majority of existing gene finding algorithms in that it allows for 
partial genes as well as complete genes and for the occurrence of multiple genes 
m a single sequence, on either or both DNA strands. The program is based on a 
probabilistic model of gene structure/compositional properties and does not 
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make use of protein sequence homology information. The text output of the 
program is a list of one or more (or possibly zero) predicted genes together with 
the corresponding peptide sequences. The graphical output (PostScript or gif) i s a 
diagram of the locations of the predicted exons. 

In an attempt to clone novel members of the DAN/Cerberus family, the Human 
Virtual Transcribed Sequence Database was searched by querying with the 
sequences of several different DAN/Cerberus family members, including the 
human DCR5 sequence as set forth in co-pending US Provisional Application 
No. 60/097,296, filed August 20, 1998). A "virtual" predicted polypeptide 
sequence sharing homology to the human DCR5 query sequence was identified 
and the corresponding genomic UNA sequence was obtained from the NCBI 
database (http://www.ncbi.nih.gov; Entrez Search System, nucleotides, Accession 
#AC003098). This genomic DNA sequence, designated virtual Human 
DAN/Cerberus related protein 6 (vts_hDCR6) was used to design oligonucleotide 
printers for use in a PCR-based homology cloning strategy to determine if the 
"virtual" sequence was in fact transcribed in vivo.. 

Vts_hDCR6 was identified as a predicted open reading frame (ORF) encoding a 
20 polypeptide that shares sequence homology with the DAN/Cerberus protein 

family. The vts_hDCR6 genomic DNA sequence and the regions corresponding 
to the predicted open reading frame consisting of four exons is set forth in Figure 
1A-1F. Because vts_hDCR6 is only a predicted ORF identified by a computer 
algorithm, it was necessary to (a) show that hDCR6 is expressed in human 
tissues, (b) determine if the predicted ORF has the same sequence as any actual 
cDNA clone of hDCR6, and (c) demonstrate that it is a secreted polypeptide 
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The predicted four exons comprising vteJiDCR6 that are set forth in Figure 1A- 
1F were each PCR-amplified independently using the following oligonucleotide 
primers: 
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Exon 1: 

vts_DCR6.exl PCR5' (Sal I): 

CAG ATA GTC GAC GCC GCC ACC ATG GTG CTC CCA CTG GCC CTG TGT 
5 CTC GTC TGC 

vts_DCR6.exl PCR3' (Spe I): 

CTC GAC TAG TGC TTT GGT CTC AAA GGG GTG GTG GGG AGG 

10 Exon 2: 

vts_DCR6.ex2 PCR5' (Spe I): 

AAA C.r A PTa r*T.t- /- *p /-a « ^ . _ 

— - vja/\ iLl TCJC CTG GAG GTG 

vts_DCR6.ex2 PCR3* (Eae): 

15 CTC GGC CAC CTT GTT CCC TTC CCA GTG GTA CCA GCA GCT 

Exon 3: 

vts_DCR6.ex3 PCR5' (Eae): 

CAT GTG GCC GAG AAG TCC ACT GCC CAG GCT 

20 

vts_DCR6.ex3 PCR3' (Afl 3): 

CTC GGA CAC GTA GCC CTT CAG GCA GTC GCT GGA GCC 
Exon 4: 

25 vts_DCR6.ex4 PCR5* (Afl 3): 

CAG TAC GTG TCC GAG TAC AGC TGC CGC GAG 

vts_DCR6.ex4 PCR3' (Not I): 

GTA GCG GCC GCC TAG TAG GCG TTC TCC AGC TCG GCC TG 



30 



Exons 1, 2, and 3 were PCR-amplified from human genomic DNA using the 
ExTaq DNA Polymerase PCR system (Panvera, Madison, WI, Cat. #TAKRR001C). 
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Exon 4 was amplified from human genomic DNA using the ExTaq DNA 
Polymerase PCR system in conjunction with PCRx Enhancer System (Life 
Technologies, Inc., Rockville, MD, Cat. # 11495-017). Each PCR-amplified exon 
was subcloned into the pUCIS vector using the SureClone Ligation Kit 
(Amersham Pharmacia Biotech AB, Uppsala, Sweden, Cat. #27-9300-01) and 
standard genetic engineering methodologies (see e.g., Molecular Cloning, A 
Laboratory Manual (Sambrook, et al., Cold Spring Harbor Laboratory), Current 
Protocols in Molecular Biology (Eds. Ausubel, et al., Greene Publ. Assoc., Wiley- 
Interscience, NY). The sequence of each exon was verified using an ABI 373A 
DNA sequencer and Taq Dideoxy Terminator Cycle Sequencing Kit (Applied 
Biosystems, Inc., Foster City, CA). 



The complete ORF encoding vts_hDCR6 was then genetically engineered by 
piecing together the four individual exons into the expression vector P CS107 

15 using standard techniques familiar to one of skill in the art. In order to facilitate 
reconstruction of the vts_hDCR6 ORF into this expression vector, it was 
necessary to introduce restriction sites between exons to allow for ligating the 
individual pieces in one unit. However, in each instance, the introduction of 
restriction sites resulted in silent mutations that did not alter the polypeptide 

10 sequence. The sites of exon boundaries are underlined in the sequence set forth 
in Figure 2A-2B. In addition to the silent mutations described supra, the second 
codon of vts_hDCR6 was changed from CAG to GTG to accommodate a Kozak 
sequence (Kozak, M., 1987, Nucleic Acids Res. 15:8125-8148) at the 5' end to 
promote efficient translational initiation. 



Example 2: Northern Mot analysis to e va 1„ a t» fh, -v i sion p rnfi1» n ( »,r>™<: 

To determine whether vts_hDCR6 is expressed in human tissues, Multiple 
Tissue Northern blots (Clontech, Palo Alto, CA, Cat. # 7760-1, 7759-1, 7767-1, and 
30 7765-1) were probed using standard Northern blot methodology with a 32 P . 

labeled nucleic acid fragment of vts_hDCR6 consisting of exons 1, 2, and 3. Exon 
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4 was omitted because its sequence is very GC-rich and as a result is prone io high 
background levels of non-specific hybridization. The results of the Northern 
analysis revealed low levels of hDCR6 mRNA expression in the adult kidney 
and very low levels of expression in heart muscle and colon. The size of the 
5 hDCR6 mRNA transcript was approximately 2.4kb. 

Example 3: Cloninp of hBOl^ by screening human i^-y . ONA anH , 
kidnev rDNA KKn^ 

' Based on the results obtained in the Northern analysis, human kidney cDNA 
(Clontech, Palo Alto, CA, Cat. #7405-1) was used as a template in the following 
PCR-based gene cloning strategy. Using the 5' oligonucleotide primer used to 
amplify exon 1 of vts_hDCR6 (vts_DCR6.exl PCR5' (Sal I)) and the 3' 
oligonucleotide primer used to amplify exon 4 of vts_hDCR6 (vts_DCR6.ex4 
PCR3 1 (Not I)) and human kidney cDNA as a template, a PCR reaction was 
performed. Unexpectedly, the PCR reaction resulted in the amplification of an 
approximately 0.7kb DNA fragment, rather than the expected 1.2kb fragment 
predicted by the vts_hDCR6 ORF. Because the size of this fragment was smaller 
than that expected for vts_hDCR6, it was reasoned that the splicing of the hDCRo 
mRNA differed from that of vts_hDCR6. To verify this, the PCR-derived DNA 
fragment was directly sequenced by standard techniques. The sequence revealed 
that hDCR6 as expressed in kidney was comprised of exons 1 and 4 of vts_hDCR6 
and not any sequence associated with exons 2 and 3. 

To obtain a cDNA clone of hDCR6, a human kidney cDNA Rapid-Screen cDNA 
Library Panel (Origene Technologies, Inc., Rockville, MD, Cat. #LKD-1001) was 
screened by PCR using the same oligonucleotide primers (vts_DCR6.exl PCR5' 
(Sal I) and vts_DCR6.ex4 PCR3' (Not I)). A full length cDNA clone of hDCR6, 
comprising only exons 1 and 4 was thus obtained and sequence-verified. The' 
nucleic acid and deduced amino acid sequence of this hDCR6 clone is set forth in 
Figure 3A-3B. Using the computer program MacVector, it is predicted that the 
approximately first 20 amino acids encode a signal peptide sequence. 
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Example 4: Expression pattern nf nrR 6 in rat Hcc„.c 

As described supra, Northern analysis revealed that the expression of human 
DCR6 in adult human tissues is highly restricted to the heart kidney, and colon 
(see Table 1). 



TABLE 1 




...yji^?L./ m ^cle^nly) 
m bone marrow 
brain 



[colon (no 

[ hea rt .touscle only) 
[ kidne y 
I liver 



Uses. 



[ jvmph node 
[ovary 
[pancreas 

^perigher^^bloo^ 
[placenta *"' ** 

[j?ro£tate 



I skeletal muscle 



small intestine 



[ s pinal chord* " 
^stomach 

L?.L2iS?.^.i m uscle o n l y ) 
\ testis 



[ thymus 



[thyroid 



trachea 



•undetectable" 
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Because these data do not yield any information as to which part of the tissue and 
which cell type(s) human DCR6 is expressed in, the expression of rat DCR6 was 
also examined in rat embryos at embryonic day 15 (E15) and in adult rat kidneys, 
using standard in situ hybridization techniques. Consecutive sections were 
hybridized either to a sense or an anti-sense rat DCR6 probe and those tissues that 
hybridized to the anti-sense but not the sense probe where considered to be 
positive. By this criteria, rat DCR6 was found to be expressed throughout the 
choroid plexus (in the brain), in the dorsal surface of the tongue, in the 
pulmonary artery and aorta, the iliac artery, the lower intestine, and the 
developing whisker follicles (follicles of vibrissa). There was also expression in 
the liver either m the lymphatic channels or in the portal veins. In the adult rat 
kidney, expression of rat UCR6 was restricted to the glomeruli. The association of 
DCR6 expression with vascular structures indicates that DCR6 may play an 
important role in the development and homeostasis of these structures. It is also 
possible that in different diseases (e.g. kidney fibrosis) DCR6 may play an 
important role. 



20 



Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be 
readily apparent to those of ordinary skill in the art in light of the teachings of 
this invention that certain changes and modifications may be made thereto 
without departing from the spirit or scope of the appended claims. 
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1. An isolated nucleic acid molecule encoding human DCR6. 

2. An isolated nucleic acid molecule as in claim 1 having a sequence selected 
from the group consisting of: 

(a) the nucleotide sequence comprising the coding region of the human 
DCR6 as set forth in Figure 2A-2B; 

(b) the nucleotide sequence comprising the coding region of the human 
DCR6 as set forth in Figure 3A-3B; 

(c) a nucleotide sequence that hybridizes under stringent conditions to 
the nucleotide sequence of (a) or (b) and which encodes DCR6; or 

(d) a nucleotide sequence which, as a result of the degeneracy of the 
generic code, differs from the nucleic acid of (a), (b) or (c) and which 

15 encodes DCR6. 



10 



3. A vector which comprises a nucleic acid molecule of claim 1 



4. 

20 



or 2. 



A vector according to claim 3, wherein the nucleic acid molecule is 
operatively linked to an expression control sequence capable of directing 
its expression in a host cell. 

5. A vector according to claim 3 which is a plasmid. 
25 6. Isolated human DCR6 polypeptide. 

7- Isolated human DCR6 polypeptide, having the amino acid sequence as set 
forth in Figure 2A-2B. 

30 8. Isolated human DCR6 polypeptide, having the amino acid sequence as set 

forth in Figure 3A-3B. 
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9. A host-vector system for the production of human DCR6 which comprises 
a vector of claim 3, in a host cell. 

10. A host-vector system according to claim 9, wherein the host cell is a 
bacterial, yeast, insect or mammalian cell. 

11. A method of producing human DCR6 which comprises growing cells of a 
host-vector system of claim 9, under conditions permitting production of 
the human DCR6, and recovering the human DCR6 so produced. 

12. An antibody which specifically binds the human DCR6 of claim 6, 7, or 8. 

13. An antibody according to claim 12, which is a monoclonal antibody. 

15 14. A pharmaceutical composition comprising human DCR6 according to 
claim 6, 7, or 8, and an acceptable carrier. 

15. A pharmaceutical composition comprising an antibody according to claim 
12 and an acceptable carrier. 

20 

16. Human DCR6 according to claim 6, 7, or 8 for use in a method of treatment 
of the human or animal body, or in a method of diagnosis. 



17. An antibody according to claim 12 for use in a method of treatment of the 
human or animal body, or in a method of diagnosis. 



18. A composition according to claim 14 for use in a method of treatment of 
the human or animal body, or in a method of diagnos 



>sis. 



30 19. A polypeptide produced by the method of claim 11. 
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20. A ligandbody which comprises human DCR6 fused to an 
immunoglobulin constant region. 

21- The ligandbody of claim 20, wherein the immunoglobulin constant region 
is the Fc portion of human IgGl. 

22. A ligandbody according to claim 20 or 21, for use in a method of treatment 
of the human or animal body, or in a method of diagnosis. 
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Figure 1A 

TCTX^ CCA^AAGCA GAGAGGGGCT TTAAAAAGGC « CGGCTX3GAGA CCAGAGCCTG ^CTAC^GA 

AGGTGGCGTG CCC^ CC^TACCA ^GC^CC ACTCGCCCTC ^ 

- a VTS_HDCR6 EXON 1_ a > 

"° ia °. ™ *» 



_a — VTS_HDCR6 EXON 1 a_ 

250 260 270 



-a a > 



28 ° 290 300 310 320 

CO =a CC =aA ^ ^^^^ ACGGAGGGCG GCC TCC CCAC CACCCC^ 



330 340 350 



36 ? 37 ° 380 390 400 

AGACCAAAGG TATGGGGTGG AGGAGAGAAT TCTTAGTAAA AGATCCTnr^ r^™™/ 

> AGATCCTGGG GAGGTTTTAG AAACTTCTCT TTGGGAGGCT 

410 420 430 A 4 0 yicn 

44 ° 45 ° 460 470 480 

TGGAAGACTG GGGTAGACCC AGTGAAGATT GCTGGCrrr^ 

VaA/ttaATT GCTGGCCTCT GCCAGCACTG GTCGAGGAAC AGTCTTGCCT GGAGGTGGGG 

b VTS_HDCR6 EXON 2 Jb > 

490 500 510 590 c „ n 

* 530 54 ° 550 560 

S7 - 58 ? »! r «• «o 6 30 „„' 

^™ = _ b== ^^^ ^ cm 



_b_VTS_HDCR6 EXON 2 b b _ fa 

650 660 670 



6 ™ 690 700 710 720 

AGGTAAGGGA GCC^CA. 



_VTS_HDCR6 EXON 2 b_ b 
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Figure 1C 
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Figure 2B 
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Figure 3B 
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